A 2-year-old male Chow Chow dog was presented with chronic nasal discharge and cough first seen at 8 months of age. Abnormal physical findings included bilateral mucopurulent nasal discharge and diffuse increase in auscultable lung sounds. A generalized bronchopneumonia with alveolar consolidation in dependent portions and situs inversus totalis were detected radiographically. Bronchiectasis was seen with contrast bronchography, and lesions consistent with a serous rhinitis were present on nasal radiographs. Severe dilatation of the lateral brain ventricles was detected with computed tomography (Fig. 1 ). Blood analysis revealed a mature neutrophilia and normal numbers of lymphocytes. Serum concentration of IgM (1 08 mg/dl; normal, 100-200 mg/dl) was normal, but concentrations of IgA (220 mg/dl; normal, 40-160 mg/dl) and IgG (2,400 mg/dl; normal, 1,000-2,000 mg/ dl) were increased. Humoral responses to distemper viral and parvoviral vaccinations were normal. Test results of neutrophil function including Staphylococcus aureus ingestion, iodination, antibody dependent cell-mediated cytotoxicity, and chemotaxis were comparable to same-day results obtained with neutrophils from clinically normal dogs, but nitroblue tetrazolium reduction was 129-1669'0 of control values. A transtracheal wash was described cytologically as a purulent exudate and on culture yielded Pasteurella multo-
cida and Streptococcus zooepidemicus. Decreased numbers (1 28,00O/ejaculate; normal, > 200,00O/ejaculate) and progressive motility (< 15%; normal, > 80%) of spermatozoa were present on semen analysis. No tracheal mucociliary clearance was detected in the dog at 6 or 7 years of age using 99 "'Tc-labeled macroaggregated albumin and gamma camera imaging (normal, 6.9 ? 0.5 mm/min).I0 Beat frequencies of 7.2, 7.7, and 16.9 Hz (normal, 4-17 Hz) were measured photometrically on cilia in nasal turbinate biopsy specimens obtained at 2 and 6 years of age. When video tape images of the cilia (30 framedsec) were analyzed, a multiplanar motion, indistinguishable from that of cilia from clinically normal dogs, was seen. When particulate matter in the media, mostly red blood cells, contacted the cilia it was consistently accelerated in a uniform, linear direction over the surface of the biopsy specimen (-2 mm diameter.). When viewed with transmission electron microscopy, nasal cilia displayed normal orientation and axonemal structure (Figs. 2, 3). Analysis of 50 ciliary cross sections from nine areas indicated that 92% of cilia had both outer and inner dynein arms on peripheral microtubular doublets. Only 8% displayed loss of one to three outer dynein arms, and a single cilium ( Fig. 3) lacked three peripheral microtubules. Computer enhancementS of a ciliary cross section ( Fig. 4 ) best revealed 
Transmission electron micrograph of nasal cilia; axes of central microtubules in adjacent cilia display little to no variation indicating normal ciliary orientation.
Enlarged image of Fig. 1 . Presence of outer dynein arms and proper location of microtubules evident in most cilia. Although present, inner dynein arms and radial spokes are obscured by axonemal granularity. The lack of three peripheral microtubules in one cilium (arrow) is a nonspecific lesion. Kartagener's syndrome (KS), a hereditary triad of sinusitis, bronchiectasis, and situs inversus, has been reported in human beings' and dog^.^.^.^ It is now known that the basic defect in KS is ciliary dysfunction. Situs inversus, which occurs as a random phenomenon, is present only in half of affected human beings.' A 50% prevalence of situs inversus also is probable in affected dogs.3 Clinical signs develop in ciliated organs and include chronic rhinosinusitis, bronchopneumonia, otitis media, and male sterility secondary to immotile spermatozoa (spermatozoa1 flagellum is a modified cilium).' Bronchiectasis is thought to be a sequella of the chronic bronchopneumonia. Hydrocephalus is a frequent, but not invariable finding in dogs with immotile-cilia syndrome (ICS).3,8 A causal relationship between this lesion and dysfunctional ependymal cilia has been suggested. ' The original functional and ultrastructural analysis of respiratory cilia from human beings with KS revealed immotile cilia that lacked dynein arms, hence, the term ICS was applied.' Subsequently, numerous reports in the medical literature have described additional ciliary defects (radial spoke defect, microtubular transpo~ition)~ and varying degrees of ciliary motility.' A more recent discovery was the presence of normal ciliary ultrastructure in human beings with ICS.4 Ciliary lesions reported in dogs with ICS include outer dynein arm deficien~y,~,~,~ microtubular transposition,* random orie n t a t i~n ,~.~ and partial microtubular deficiency. 6 The finding of normally oriented, structurally complete respiratory cilia in this Chow Chow dog with KS demonstrates that the diagnosis of ICS in dogs, like human beings, cannot always be established by ultrastructural evaluation ofcilia. In most men with ICS and in this dog, the ultrastructural image of the spermatozoal flagellum mirrors that seen in respiratory cilia. 9 Detailed ultrastructural and functional analysis of respiratory cilia from human beings with ICS has revealed a possible causal relationship between structural lesions and motility pattern^.^ Immotile or hypomotile cilia always had partial or complete outer dynein arm deficiency, whereas numerous other lesions (lack of inner dynein arms, radial spoke defect, microtubular transposition) were associated with an asynchronous ciliary beat of normal frequency. Cilia that were ultrastructurally normal had a synchronous hyperfrequent beat. The structurally normal respiratory cilia from the Chow Chow dog had a variable but normal beat frequency in vitro.
Severely impaired mucociliary clearance is a hallmark of ICS in human beings,2 and respiratory cilia with normal to hyperfrequent motility are reported to beat in an uncoordinated or dyskinetic at tern.^ The absence of mucociliary clearance in this dog would suggest ineffective ciliary beating despite the normal beat frequency. The failure to visualize an abnormal ciliary wave form may represent a limitation of the equipment used to evaluate the cilia; however, the unidirectional acceleration of particles in vitro suggests a coordinated beat in the 2-mm nasal biopsy specimens. One implication of this observation is that ciliary dyskinesia in some dogs with ICS may be regional and not at the level of individual cilia. Further investigations will be necessary to verify this hypothesis. A disparity between the ultrastructure ofnasal and tracheal cilia seems remote since the dog suffered from chronic rhinitis and bronchopneumonia, and reports of ICS in human beings9 and dog^^.^ have consistently shown concordance of nasal and tracheal ciliary lesions.
Based on published rep0rts3.~,~ and the findings in this dog, upper and lower respiratory tract infections, bronchiectasis, and male infertility (hypomotile spermatozoa or azoospermia). Severely impaired or absent mucociliary clearance is a characteristic feature. Situs inversus will be present in approximately half of the affected dogs. Specific ultrastructural lesions in respiratory cilia and spermatozoal flagella are not always present, but can be diagnostic.
